Abstract: Outpatient lumbar spinal fusion surgery has the potential for improved patient satisfaction, speed of recovery, and economic advantages when compared to inpatient surgery. Despite the rise in the number of these procedures performed annually, the literature on this topic remains scarce. As such, there is a need for a comprehensive review of current concepts in indications and management. The current review will present the most recent literature regarding pre-operative, intra-operative, and post-operative considerations when performing outpatient lumbar spinal fusion surgery. (LLIF), and found that factors associated with early postoperative discharge were younger age, male sex, a non-deformity diagnosis, higher preoperative hemoglobin levels, larger preoperative disc height, fewer number of levels treated, and less extensive supplemental fixation. While limited by retrospective study design, this study provides useful guidance in terms of selecting patients for outpatient lateral lumbar fusion. In a national database study, Bovonratwet et al. (5) compared 30-day complications between patients who underwent outpatient lumbar fusion procedures to a matched cohort of patients who underwent lumbar fusion procedures as inpatients. No differences in postoperative complications (except for rate of blood transfusion), or 30-day readmission were found between outpatient and inpatient cohorts. Reasons for 30-day readmission were unfortunately not reported. These results suggest that outpatient lumbar fusion has a similar safety profile to inpatient lumbar fusion procedures in properly selected patients. Despite the lack of specific guidelines for ambulatory lumbar fusion procedures, Mohandas et al. recently made recommendations for patient selection or outpatient anterior cervical surgery based on Delphi expert panel consensus and literature review, and this information can be helpful when considering patients for ambulatory lumbar fusion (6). These recommendations, along with other available information found in the outpatient lumbar fusion literature, are summarized in Table 1 .
Introduction
Outpatient spinal surgery increased 5-fold between the years 1994-2006 (1), likely secondary to perceived cost savings and a rise in the number of ambulatory surgical centers (ASCs). This transition from spinal procedures performed in the inpatient setting to ambulatory settings is a function of advances in surgical and anesthesia techniques as well as financial incentives of the various stakeholders (2) .
Safety is a prerequisite for outpatient spine surgery and increased complications, readmissions, and unforeseen morbidity can easily offset the proposed clinical and economic benefits of performing outpatient spinal surgery (2) . Another consideration is ensuring clinical outcomes when the procedure is transitioned from the in-patient to the ASC environment (2) .
The current article will provide a review of the most recent literature on outpatient lumbar fusion surgery. In particular, this review will consider pre-operative factors such as appropriate patient and procedure selection and planning. Furthermore, this review will present the current literature on outcomes of minimally invasive (MIS) and open lumbar fusion techniques in these settings. Finally, post-operative considerations will be presented.
Pre-operative considerations

Patient selection
Given the existence of particular limitations in the outpatient operative setting, such as limited emergency services, it is imperative to appropriately select patients to minimize risk of complications. With the rise in outpatient spine surgeries performed annually (3) , there has been a recognition for the need for guidelines on best practices for patient selection. There are currently no universally agreed-upon selection criteria for outpatient spine surgery, and due to the retrospective nature of available studies for outpatient lumbar fusion, there is significant inherent selection bias. Smith et al. (4) recently compared inpatient (>24 h), outpatient (8-24 h) , and ambulatory (<8 h) stays following outpatient MIS lateral lumbar interbody fusion (LLIF), and found that factors associated with early postoperative discharge were younger age, male sex, a non-deformity diagnosis, higher preoperative hemoglobin levels, larger preoperative disc height, fewer number of levels treated, and less extensive supplemental fixation. While limited by retrospective study design, this study provides useful guidance in terms of selecting patients for outpatient lateral lumbar fusion. In a national database study, Bovonratwet et al. (5) compared 30-day complications between patients who underwent outpatient lumbar fusion procedures to a matched cohort of patients who underwent lumbar fusion procedures as inpatients. No differences in postoperative complications (except for rate of blood transfusion), or 30-day readmission were found between outpatient and inpatient cohorts. Reasons for 30-day readmission were unfortunately not reported. These results suggest that outpatient lumbar fusion has a similar safety profile to inpatient lumbar fusion procedures in properly selected patients. Despite the lack of specific guidelines for ambulatory lumbar fusion procedures, Mohandas et al. recently made recommendations for patient selection or outpatient anterior cervical surgery based on Delphi expert panel consensus and literature review, and this information can be helpful when considering patients for ambulatory lumbar fusion (6) . These recommendations, along with other available information found in the outpatient lumbar fusion literature, are summarized in Table 1 .
Surgical techniques and outcomes
Several studies have examined the efficacy of transforaminal lumbar interbody fusion (TLIF). in the outpatient setting. Emami and colleagues (7) performed a retrospective cohort series of 32 patients who underwent 1-and 2-level MIS TLIF in the outpatient setting to a cohort of 64 patients who underwent the same procedure in an inpatient setting. At a minimum of two-years follow-up, the authors found no significant differences between post-operative complication rates (inpatient: 9.4%; outpatient:14.0%), readmission rates (inpatient: 4.7%; outpatient: 3.1%), or Oswestry Disability Index (ODI) and pain scores. Villavicencio and colleagues (8) reviewed 27 patients who underwent TLIF in the outpatient setting and 25 patients who underwent TLIF in the inpatient setting. The authors found that the complication rate was 14% for the outpatient cohort, but did not differ significantly from the complication rate in the inpatient setting, which was 4%.
A recent retrospective comparative analysis of 70 patients randomized to either LLIF in an inpatient hospital (n=40), or ASC (n=30), evaluated outcomes at two-years post-operatively (9) . The authors of the study found no significant differences in baseline demographics or visual analogue scale (VAS) back pain scores at two-year followup, while patients in the ambulatory setting had significantly greater improvements in the ODI score (P=0.013). and had significantly lower rates of blood loss (143±39 vs. 56±10 mL, P=0.038), complications (20% vs. 7%). *, these recommendations are given based on expert opinion and available evidence in the literature and should not be treated as absolute cutoffs. Additionally, all patients being considered for ambulatory spine surgery should undergo preoperative evaluation by anesthesia to determine suitability for this setting. ASC, ambulatory surgical center; MIS, minimally invasive; TLIF, transforaminal lumbar interbody fusion; LLIF, lateral lumbar interbody fusion.
respectively, and had shorter surgical times (224±103 vs. 97±49 min, P=0.005), suggesting superior efficacy and safety in the outpatient setting when controlling for baseline patient demographics. All patients in this study underwent single-level LLIF with posterior fixation at any level from L1-5 for chronic low back pain secondary to degenerative disc disease (DDD) and low-grade spondylolisthesis after failure of 6 months of conservative treatment. All patients had BMI of <42 kg/m 2 and American society of Anesthesiologists (ASA) score of 1-3, and patients with prior lumbar surgery, infection, tumor, or deformity were excluded. Smith and colleagues (4) retrospectively assessed 72 patients who underwent lumbar fusion in an ambulatory surgery center [52 treated with extreme lateral interbody fusion (XLIF) and 18 underwent MIS posterior lumbar fusions (PLF)] . The most common indications were degenerative disc disease and stenosis, and no patients were treated for deformity. Thirty nine percent had prior lumbar spine surgery. In the XLIF cohort, mean age was 50.6 years, mean BMI was 28.8, 41% had history of tobacco use, 26% had history of coronary artery disease, and 7% had diabetes. Among the XLIF patients, 57% were one-level cases, 37% were two-level cases, and 6% were three-level cases.
No intraoperative complications in this cohort occurred, however there were two postoperative hospitalizations (3.7%): one <24-hour admission for postoperative urinary retention (POUR), and one admission for postoperative pain control after a three-level fusion.
Few studies have reported on the efficacy and feasibility of posterior lumbar interbody fusion (PLIF). in the outpatient setting. Chin and colleagues (10) reported on 16 consecutive patients undergoing this procedure using an open technique and determined that they had an overall fusion rate of 87.5%, as well as statistically significant reductions in VAS back pain and improvements in ODI scores. They also noted that the mean (± standard deviation). operating time and blood loss were 124.85±7.1 min and 161±32 mL, respectively, which allowed same-day discharge (versus 23-hour observation) without a drain in all patients.
Intra-operative considerations
Anesthesia
Intraoperative anesthesia and postoperative analgesia are essential considerations when performing outpatient lumbar fusion surgery. Multiple studies have demonstrated the efficacy of multimodal analgesia (4, (11) (12) (13) ). An indepth discussion of anesthesia is beyond the scope of this article; however commonly used protocols typically include selecting medications to limit postoperative nausea and vomiting (PONV) and urinary retention to facilitate rapid discharge, while reducing interference with intraoperative neuromonitoring (4).
LLIF
Advantages of LLIF include MIS approach with little soft tissue dissection, as well as large interbody fusion area with implants spanning the ring apophysis, which provides more structural stability and increased fusion area. The procedure has been described extensively in recent literature, and has gained popularity due to the shortened recovery time and decreased blood loss (14) . However, complication rates are varied in the literature (15) . This is likely multifactorial, and considerations include surgeon experience, patient-specific characteristics, use of varied access systems and application across a wide range of spinal pathologies.
The primary procedural access consideration for LLIF is the patient's retroperitoneal anatomy. The primary concern is the location of the psoas muscle and disc space in relation to the lumbar plexus and great vessels, which can be evaluated on pre-operative MRI. If the psoas muscle is in a more anterior position, it may place the lumbar plexus at risk when attempting to access the disc space from the lateral approach. For this reason, the authors recommend reliable real-time electromyography (EMG) neuromonitoring. Similarly, a more lateral location of the great vessels could place them in the corridor for the lateral approach to the disc. Mai and colleagues (16) demonstrated that scoliosis caused variant anatomy of left-sided vasculature at L2-4, with 94.2% of the variant anatomy found on the convex side of the curvature. Vascular issues in the ASC setting could have catastrophic consequences so that the regional vascular anatomy must be carefully evaluated on pre-operative imaging studies. There is a large variation in complication rates reported in the literature for LLIF (15) (16) (17) (18) . Hijji et al. (19) performed a systematic review of the literature including over 6,800 patients undergoing LLIF. They found that although there was an overall 36% rate of early "neurologic" complications; these included any postoperative weakness or sensation loss. It should be noted that they included psoas weakness on the side of surgery, which is likely due to psoas muscle pain related to the transpsoas approach. They do not comment on whether the procedures utilized EMG during the cases within the respective studies. In their review, these sensory and motor changes were almost always a transient phenomenon, as the rate of persistent neurologic complications beyond six months was below 4% in all studies. The authors note that the near-complete resolution of symptoms after six months of recovery implies that neurologic complications are likely related to stretch on the lumbar plexus or transient psoas muscle trauma. Other complications, including wound, vascular, pulmonary, cardiac, and urologic complications occurred in less than 2% of patients.
Other authors have also noted that postoperative transient mild proximal thigh sensory loss and hip flexion weakness usually resolves by six months (20) (21) (22) . Tohmeh et al. (20) found that 17.5% of patients developed transient postoperative thigh numbness, and 27.5% had mild hip flexion weakness, all of which resolved at six months follow-up. Caputo et al. (21) Limited clinical data suggests that LLIF may be safely performed in the outpatient setting, but requires careful consideration in terms of patient selection ( Table 2 ) and a high degree of surgical expertise to prevent complications. The ideal patient would be a younger patient requiring one-level fusion without significant spinal deformity, with minimal comorbidities and retroperitoneal anatomy that lends itself to the lateral approach (5,9).
MIS TLIF
Historically, postoperative pain management concerns associated with conventional, open surgical approaches for PLF have limited the adoption of outpatient PLF. However, MIS approaches for lumbar fusion, such as the MIS TLIF, have demonstrated reduced intraoperative blood loss, decreased postoperative pain control requirements, and decreased postoperative length of stay while maintaining similar long-term outcomes to traditional open approaches (5) . In properly selected patients, these procedures have therefore been able to be successfully migrated to the outpatient setting (8, 24) .
One of the most important technical considerations when considering outpatient MIS TLIF is experience with the procedure. Only when a provider is sufficiently experienced with performing MIS TLIF should they begin performing these as ambulatory procedures. MIS TLIF is technically challenging and has been associated with a steep learning curve, with significant differences in surgical time, blood loss, and intraoperative fluid volume reported between a surgeon's early cases and later cases (25, 26) . Extended operative time and tissue dissection can significantly affect a patient's recovery from anesthesia and postoperative pain control, respectively (25, 26) .
Other important intraoperative considerations of the MIS TLIF are related to the general tenets of performing a technically adequate TLIF procedure: ensuring appropriate decompression, disc space preparation, and instrumentation. In MIS TLIF, due to limited soft tissue dissection and visualization, performing adequate decompression can be challenging, but is necessary in order to have a successful clinical outcome. In cases with a prior decompression at the same level, scar formation and dural adhesions may increase the risk of dural tear, which can complicate the surgical procedure, the patient's recovery and the ability to discharge the patient on the same day in an outpatient setting. Disc space preparation during TLIF must be performed diligently in order to maximize fusion rates. Violation of the disc space anteriorly can result in possible injury to the great vessels, a rare but potentially fatal complication that has limited treatment options in the ambulatory setting (27) . Other technical factors than can affect a patient's recovery following TLIF include the amount of nerve root and/or thecal retraction and should be minimized. Instrumentation with pedicle screws is typically performed in less-invasive fashion during MIS TLIF, and care must be taken to ensure radiographic visualization is optimal in order to avoid misplaced screws. Despite the technical challenges, multiple series have demonstrated the safe and effective adoption of MIS TLIF in the outpatient setting (2, 4, 7, 8, 24) .
Open PLF
While MIS TLIF has been more often described in the outpatient setting, PLF has also been reported successfully in this setting. One technical modification to PLF that has been used in the outpatient setting includes the use of midline cortical bone trajectory pedicle screws to reduce the amount of muscle dissection while maintaining acceptable fusion rates (28) . In this study of 60 patients, Chin et al. were able to transition lumbar fusions to the outpatient setting by using cortical screws instead of traditional pedicle screws. They found significant improvements in VAS back scores, VAS leg scores, and ODI scores at 2-year follow-up for the outpatient cortical screw cohort. Additionally, they reported greater improvements in VAS back scores and ODI at final follow-up in the cortical screw cohort compared to the traditional pedicle screw trajectory cohort. Using national registry data, Bovonratwet et al. (5) compared complication and readmission rates in matched cohorts of 1,440 inpatient and 360 outpatient PLF patients. This study was limited in that as a national database study, surgical details were not available, and each cohort likely included both MIS and open procedures. Nonetheless, while blood transfusion was greater in the inpatient cohort (10.8% vs. 2.8% in outpatient cohort), all other complication rates were similar, along with readmission rates (outpatient 3.6% vs. inpatient 4.4%, P=0.503).
Additionally, while open TLIF in the outpatient setting is much less common compared to MIS TLIF, Chin et al. demonstrate that this can be done safely in a preliminary case series of 16 patients using either traditional trajectory or cortical trajectory pedicle screws (10) .
Post-operative considerations
Pain control
In addition to intraoperative anesthesia, postoperative analgesia is a critical component of multimodal pain management protocols that have facilitated outpatient spine surgery (11) (12) (13) . Several published postoperative pain control protocols have been shown to be effective (13, 29) . The overall goal of multimodal pain management is use of a mixture of local, systemic, short-acting, and long-acting medications with varying mechanisms of action that target all components of postoperative pain. When selecting analgesic medications for fusion surgery, consideration must be given to medications that may affect bone healing such as non-steroidal anti-inflammatories. While full discussion of postoperative pain management is outside the scope of this current article, when implementing a multimodal pain management protocol, it is important for the surgical and anesthesia teams to engage in shared decision-making in order to optimize pain control for the patient.
Nausea and vomiting
PONV is one of the more common barriers to early discharge following spine surgery (29) . Patients should be screened preoperatively for risk of developing PONV, and a transdermal scopolamine patch applied preoperatively can effectively prevent PONV in patients with no contraindications. Opioid medications also contribute to PONV, so limiting the usage of opioids by using liberal local anesthetic intraoperatively and relying upon nonopiate analgesia medications can significantly reduce PONV (29) . Other recommendations for reducing PONV include promoting aggressive hydration and administering dexamethasone or ondansetron and famotidine on arrival (6). For persistent nausea and vomiting, metoclopramide can be used as rescue therapy.
Urinary retention
POUR following lumbar fusion is another potential barrier to early discharge. While isolated POUR often resolves without serious sequelae, concern for this complication in lumbar fusion patients is heightened by the fact that it may be a symptom of cauda equina syndrome from a compressive postoperative epidural hematoma. The rate of POUR has been reported to be as high as 20% following MIS singlelevel lumbar fusion (30) . Risk factors identified for POUR include usage of medications such as phenylephrine and neostigmine (30) . Preoperative identification of patients at risk, in addition to avoidance of these medications may potentially reduce the rate of this complication, and this is an active area of research as lumbar fusion procedures are being transitioned into the outpatient setting.
Postoperative monitoring
While there is no generally accepted amount of time that patients should be monitored postoperatively in the outpatient setting, general discharge criteria after a lumbar fusion often includes a patient tolerating oral intake, adequate pain control, voiding, stable vital signs, and stable neurologic exam. With appropriate preoperative planning and intraoperative measures, these goals can be achieved within a few hours after the procedure. A Delphi panel study on outpatient anterior cervical surgery by Mohanda and colleagues (6) recommended that nurses should follow-up via home visit or phone the morning after surgery to check on the patient regarding vital signs and neurologic status, ability to tolerate oral intake, surgical site drainage, effectiveness of analgesia, and ambulatory status.
Conclusions
Outpatient lumbar spinal fusion surgery has been reported to have similar functional outcomes, complication rates, and rates of readmission in carefully selected patients to its inpatient counter-part. Although the available data suggests the clinical and economic benefits of outpatient lumbar fusion surgery (2), particular attention must be paid to patient selection, surgical techniques, anesthesia protocols, and postoperative pain control and monitoring in order to ensure the safety and efficacy of these procedures.
